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Methods
Population Sample
Participants of the nationwide survey conducted in 1997/ 1998 of the Turkish Adult Risk Factor Study were followed up until 2004/2005. This is a prospective survey on the prevalence of cardiac disease and risk factors in a representative sample of adults in Turkey carried out periodically almost biennially since 1990 in 59 communities scattered throughout all geographical regions of the country. 9 Details of sampling were described previously. 10 As the combined measurements of waist circumference, HDL-C and apo B were first perfomed at the follow-up visit in 1997/1998, the latter examination formed the baseline. Participants were 28 years of age or older at baseline examination, and those with no missing values for serum total cholesterol and waist circumference numbered 3,229, of which 1,631 were women. Of the survivors, 8% were examined up to the survey period of 2001/2002, 14% up to 2003, and the remainder having been examined last in the survey period of 2004/2005. Exclusion of cases of diabetes limited the study sample to 1,509 men and 1,529 women. Individuals of the cohort were visited at their addresses on the eve of the examination and were requested to give written consent for participation after having read an explanatory note, which was manifested by their voluntary participation the next morning. The survey conformed to the principles embodied in the Declaration of Helsinki. Data were obtained by history of the past years via a questionnaire, a physical examination of the cardiovascular system, sampling of blood and recording of a resting electrocardiogram.
Measurements of Risk Variables
Blood pressure was measured in the sitting position on the right arm after 5 min of rest, and the mean of 2 recordings 3 min apart was recorded. Weight was measured without shoes in light indoor clothes using scales. Waist circumference was measured with a tape (Roche LI95 63B 00) -the subject standing and wearing only underwear, at the level midway between the lower rib margin and the iliac crest. Body mass index was calculated as weight divided by height squared (kg/m 2 ).
Plasma concentrations of cholesterol, fasting triglycerides, HDL-C and glucose were determined at baseline examination by the enzymatic dry chemistry method using a Reflotron apparatus (Roche Diagnostics, Mannheim, Germany). External quality control was performed with a reference laboratory in a random selection of 5-6% of participants. LDL-C values were computed according to the Friedewald formula. Blood samples were spun at 1,000 g for 10 min and also shipped within a few hours on cooled gel packs at 2-5°C to Istanbul to be stored in deep-freeze at -75°C, until analyzed at a central laboratory. Concentrations of insulin were determined by the chemiluminescent immunometric method using Roche kits and an Elecsys 1010 immunautoanalyzer (Roche Diagnostics, Mannheim, Germany). A homeostatic model assessment (HOMA) was calculated with the following formula: 11 insulin (mIU/L) × glucose (in mmol/L)/22.5.
Definitions and Outcomes
Individuals with diabetes were diagnosed using criteria from the American Diabetes Association, 12 namely by self report or when the plasma fasting glucose was ≥7.0 mmol/L or when the 2-h postprandial glucose level was >11.1 mmol/L. The same criteria were utilized for the diagnosis of new diabetes that had developed over the follow-up period. Hypercholesterolemia was defined as a serum total cholesterol level of ≥5.2 mmol/L. AO was defined in this study in terms of waist circumference in agreement with this anthropometric measure emerging as the most appropriate one to reflect visceral adiposity among Turks; 13 ≥95 cm in males 14 and ≥91 cm in females were cut-off points selected for AO based on results of receiver operating characteristics related to CHD, DM, and MS.
Data Analysis
Four groups were formed, depending on the presence or absence of AO and hypercholesterolemia. Values of the baseline examination were used to evaluate prospective developments. Descriptive parameters were shown as mean ± SD. Because of the skewed distribution of concentrations of insulin and HOMA, these were log-transformed for calculations. Two-sided t-tests and Pearson's chi-square tests were used to analyze the differences in means and proportions between groups. Estimates (and 95% confidence intervals (CI)) for relative risk (RR) of a dependent variable were obtained by use of logistic regression analysis in models that controlled for sex and age. A value of p<0.05 on the 2-sided test was considered statistically significant. Statistical analyses were performed using SPSS-10 for Windows (SPSS Inc, Chicago, IL, USA).
Results
The mean age of the study sample was 48.2 ±11.9 years at baseline.
Sex-Specific Prevalence of Hypercholesterolemia and Central Obesity in a Non-Diabetic Sample
At baseline, 510 men and 503 women had neither AO nor hypercholesterolemia (33.3%), 472 men and 366 women had AO alone (27.6%), 242 men and 299 women had hypercholesterolemia alone (17.8%; 16.0% men vs 19.6% women), and 285 men and 361 women had AO combined with hypercholesterolemia (21.3%; 18.9% men vs 23.6% women).
Over a mean follow-up period of 5.9 years (total 18,000 person-years), incident Type 2 diabetes developed in 103 women (11.4 per 1,000 person-years) and 116 men (13.0 per 1,000 person-years).
Age-Adjusted Baseline Characteristics in Groups by
Gender Table 1 shows the mean estimates of baseline risk parameters (and SD) in the group with AO and AO combined with hypercholesterolemia, separately in women and men. In both genders, insulin concentrations and the HOMA index is slightly raised, but although the men in the group with hypercholesterolemia had significantly higher insulin concentrations and a higher HOMA index than those patients with AO alone, the results for both groups involving women are similar. Thus, elevated levels of lipids and blood pressure are significantly higher than in the group with AO alone in both genders, but while these rises are accompanied by significant rises in insulinemia and HOMA in men, they are not among women.
Seventeen men and 29 women were taking statins and 10.3% of men and 21.3% of women were taking antihypertensive medication.
Prediction of Diabetes by Hypercholesterolemia
Hypercholesterolemia was by one-quarter more common in women than men (43.2% vs 35%).
Age-and statin usage-adjusted RR in the 4 groups of the sample in logistic regression analysis is presented in Table 2 . The group in which AO was used as reference, disclosed for diabetes an RR of 3.45 (95% CI 1.67; 7.14) in women and an RR 2.7 (95% CI 1.54; 4.55) in men compared with the group that had neither of the 2 abnormalities. Hypercholesterolemia alone did not differ significantly from the reference group in its ability to predict diabetes, although the RR of 0.56 in men approached significance. Males with AO combined with hypercholesterolemia did not significantly predict diabetes (RR 1.29), whereas females did so significantly (1.88; 95% CI 1.14; 3.09). Women with AO combined with hypercholesterolemia were 1.46 times more likely to have the development of diabetes predicted for them.
Screening for FCH
Based on the proposition by Veerkamp et al, 15 we have attempted to identify FCH by using sex-and age-adjusted 90 th percentile values of plasma fasting triglycerides (usually >7.2 mmol/L in males, >6.3 mmol/L in females), total cholesterol (usually >6.3 mmol/L in males, >6.5 mmol/L in females), and apo B values >120 mg/dl. None of the 3 criteria existed in 62.2% of the sample; the selection by triglyceride or total cholesterol identified 576 of 2,220 persons, the selection by triglyceride and total cholesterol identified 216 persons, and all 3 criteria identified 48 subjects (2.2%), which were considered as participants with FCH phenotypes. These comprised 21 men and 27 women.
Logistic regression for DM in a model comprising 2,103 men and women with no dyslipidemia formed the referent group, while FCH phenotype and the remaining group with elevated triglyceride and/or total cholesterol levels formed Groups 3 and 2. Sex-and age-adjusted odds ratio for 174 With the purpose of better identifying the element associated with diabetes in hypercholesterolemia, logistic regression analyses were performed with elevated levels of LDL-C (>130 mg/dl, ≥3.4 mmol/L), non-HDL-C (>160 mg/dl, ≥4.1 mmol/L) and apo B (>120 mg/dl) in 2 models (Table 3) . Adjustment for age and AO was carried out in the first model, additional adjustment for log high-sensitivity C-reactive protein (hsCRP) in the second. AO was the significant main predictor of diabetes in both sexes in each model, and log hsCRP was not independently significant in men but was so in women in each model. Though the lipoprotein fractions were not significant in men, elevated LDL-C was the only significant parameter in predicting diabetes among women (RR 1.55). The association was attenuated to a borderline significant level when also adjusted for log hsCRP.
Discussion
In this prospective study on a representative sample of non-diabetic Turkish adults, for both centrally obese men and women, the prediction to develop diabetes was significant, as anticipated, however, in contrast to men, only centrally obese women with hypercholesterolemia had diabetes predicted with a nearly 2-fold likelihood of occurrence than women with AO alone. An enhanced prediction of diabetes was delineated to be caused by elevated LDL-C levels.
Our findings indicate that both AO and hypercholesterolemia are determining factors for the development of Type 2 diabetes in both genders (Fig 1) . Of these, AO conferred a greater magnitude of RR (roughly 3 and 2.5-fold in women and men, respectively) than hypercholesterolemia (2.1 and 1.4, respectively), and in this model, women (3-fold for AO and 2.1-fold for hypercholesterolemia) experienced stronger increments for diabetes than men did for these 2 parameters (2.5-and 1.46-fold, respectively).
A main potential link between AO combined with hypercholesterolemia, specifically in terms of elevated LDL-C levels, and diabetes is FCH. Individuals with a FCH genotype are recognized to tend strongly to AO and DM, concomitantly exhibiting often elevated levels of total cholesterol. 16, 17 The identified 48 participants with FCH phenotype in the present study, although displaying an elevated ageadjusted RR for DM, could account for no more than 3% of incident DM cases. AO combined with hypercholesterolemia prevailed in nearly one-quarter of Turkish women; thus, shear commonness of this phenomenon necessitated the search for another mechanism.
Before proposing a mechanism, it is pertinent to recall relevant information regarding lipoprotein metabolism in diabetes and/or insulin resistance (IR) and to state certain related features of Turkish women. In DM, an increased influx of free fatty acids and glucose to the liver leads to increased production of (large) very LDL (VLDL) particles, along with elevated apo B production, especially in obese subjects. The proportion of VLDL converted to LDL is decreased (by augmented direct removal by the liver), and LDL levels remain often normal. 5 In contrast to Turkish men who at age 50 years or over have lower total cholesterol levels and in whom IR plays an anticipated role as a determinant of DM, postmenopausal women exhibit higher total cholesterol concentrations than men 9 and, rather than IR per se, it is central obesity that mainly determines the development of atherogenic dyslipidemia 18 and of DM.
The risk of developing diabetes increases in the presence of certain risk factors. In non-diabetic Finnish subjects, this risk was elevated in subjects with high triglyceride, low HDL-C levels, high body mass index, high fasting insulin, and in those having hypertension. 19 Fasting insulin and the waist-to-hip ratio, postload and fasting glucose levels and serum insulin predicted diabetes in factor analysis among Chinese subjects. 20 They concluded that IR alone did not underlie all features of MS. Different physiological processes associated with various components of the MS contained unique information about diabetes risk. In the Insulin Resistance Atherosclerosis Study, risk factors for developing Type 2 diabetes included PAI-1, hypertension, high triglycerides, low levels of HDL-C, and impaired glucose tolerance (but not hypercholesterolemia). Each of these sex-and age-adjusted risk factors increased the risk of diabetes after further adjustment of IR and waist circumference. Thus, individuals with multiple risk factors are at an increased risk of diabetes, which is only partially mediated by IR or central obesity. 21 Specific adjustment was not made in multivariate analysis in approximately 15% of study subjects in whom antihypertensive medication was received. Although antihypertensive drugs might reduce the risk of future diabetes, it is unlikely that this might preferentially enhance the prediction of diabetes by elevated LDL-C levels.
Modulation by IR and obesity has been observed also in lipid phenotype expression concerning high apo B and small, dense LDL in FCH. 22 And sex does matter in regard to the actions of insulin, susceptibility to develop IR, and the response to stimuli that enhance or impair sensitivity to the effects of insulin. 23 Also, C-reactive protein levels are more strongly related to MS in women than in men, 24 and impaired glucose tolerance and diabetes are closely associated with small, dense LDL particles. 25 The mediation of diabetes risk by elevated levels of LDL-C in centrally obese women might be explained by their inherent diminished effectiveness of IR whereby the proportion of the increased VLDL converted in the liver to LDL might not be decreased. This might explain the observed elevation in LDL concentrations in postmenopausal women, while other features of Fig 1. Risk of developing diabetes in groups of abdominal obesity (AO) and hypercholesterolemia (H) (compared with the group having none) in men and women. Note that males and females in the group with AO only had a significantly higher risk than the "normal" group, but only women with AO and H exhibited a significantly higher risk than if they had AO only.
visceral adiposity (atherogenic dyslipidemia, including diminished LDL size, reduced adiponectin, little expanded subcutaneous fat mass 26 mediated by low sex hormonebinding globulin (SHBG)) still predispose them to DM. We hypothesize that diminished LDL size contributes to the development of DM in Turkish women, enhanced by low SHBG levels in which the action on triglycerides seems to operative in both genders while that in women additionally involves apo B, the LDL composition and presumably the regulation of dysglycemia.
